Fioai  Report 


A244  009 


U  S  A  T  H  A  M  A 

U.S.  Army  Toxic  and  Hazardous  Materials  Agency 

ECONOMIC  EVALUATION  OF 
PROPELLANT  REUSBRECOVERY 
TECHNOLOGY 

(TASK  ORDER  NO.  10) 


December  1988 

Contract  No.  DAAK11-85-D-0008 


Prepared  by: 

Arthur  D.  Little,  Inc. 

Acorn  Park 

Cambridge,  Massachusetts  02140-2390 


Prepared  for: 


U.S.  Army  Toxic  and 
Hazardous  Materials  Agency 

Process  Development  Branch 
Aberdeen  Proving  Ground,  MD  21010-5401 


DISTRIBUTION  UNLIMITED 


The  views,  opinions,  and/or  findings  contained  in  this  report  should  not  be  construed 
as  an  official  Department  of  the  Army  position,  policy,  or  decision,  unless  so  desig¬ 
nated  by  other  documentation. 

The  use  of  trade  names  in  this  report  does  not  constitute  an  official  endorsement  or 
approval  of  the  use  of  such  commercial  products.  This  report  may  not  be  cited  for 
purposes  of  advertisement. 


Final  Report  to 

United  States  Army 
Toxic  and  Hazardous 
Materiais  Agency 

December  1988 


Economic  Evaluation  of 
Propellant  Reuse/Recovery 
Technology 

(Task  Order  Number  10) 

Final  Report 
A.A.  Balasco 

Program  Manager  ^ 

■r» I  '  ’.t 

RF.  Machacek  —  Task  Leader  ,  * 

R.C.  Bowen 
C,A.  Jake  (RAAP) 

L.L.  Smith  (RAAP)  .  ,  , 

Principal  Investigators  -  ^  - 

,^^A :  i 


Distribution  Unlimited 


A  Arthur  D.  Little,  Inc. 

Contract  No.  DAAK11 -85-D-0008 
Reference  54150 


91-18801 


1.. 


> 


TABLE  OF  CONTENTS 


Page 

List  of  Tables  ii 

List  of  Figures  iii 

EXECUTIVE  SUMMARY  ES-1 

1 . 0  INTRODUCTION  1  - 1 

1 . 1  Background  1  - 1 

1.2  Objective  1-2 

1.3  Scope  of  Work  1-2 

2.0  WASTE  PROPELLANT  RECYCLING  OPTIONS  2-1 

2.1  Introduction  2-1 

2.2  Resolvation  Processes  2-1 

2.3  Solvent  Extraction  Processes  2-5 

3.0  ECONOMIC  ANALYSIS  3-1 

3.1  Introduction  3-1 

3.2  Resolvation  Process  Cost  Estimates  3-1 

3.3  Discussion  About  Solvent  Extraction  Costs  3-10 

4.0  CONCLUSIONS  AND  RECOMMENDATIONS  4-1 

5.0  REFERENCES  5-1 

APPENDIX  A  A-1 


lithirD  Little 

i 


LIST  OF  TABLES 


Table  No.  Page 

3.1  Capital  Cost  Estimate  Preparation  Facility 
Before  Resolvation  (Building  1  -  Remote 

Unpacking  and  Grinding)  3-2 

3.2  Capital  Cost  Estimate  Preparation  Facility 

Before  Propellant  Resolvation  (Building  2  - 
Dewatering  and  Drying)  3-4 

3.3  Capital  Cost  Estimate  Preparation  Facility 
Before  Propellant  Resolvation  (Building  3  - 

Automatic  Packout)  3-5 

3.4  Capital  Cost  Estimate  Preparation  Facility 

Before  Propellant  Resolvation  (All  Three  Buildings)  3-6 

3.5  Operating  Cost  Estimate  for  Ml  Propellant 
Preparation  Facility  Before  Propellant  Resolvation 


(All  Three  Buildings)  3-7 

3.6  Operating  Cost  Estimate  for  M6  Propellant 
Preparation  Facility  Before  Propellant  Resolvation 

(All  Three  Buildings)  3-8 

3.7  Operating  Cost  Estimate  for  M7  Propellant 
Preparation  Facility  Before  Propellant  Resolvation 

(All  Three  Buildings)  3-9 

3.8  Operating  Cost  Estimate  for  M30  Propellant 
Preparation  Facility  Before  Propellant  Resolvation 

(All  Three  Buildings)  3-11 

3.9  Operating  Cost  Estimate  for  M31A1  Propellant 
Preparation  Facility  Before  Propellant  Resolvation 

(All  Three  Buildings)  3-12 


HithirD  Little 


ii 


LIST  OF  FIGURES 


Figure  No.  Page 

2.1  Schematic  Flow  Diagram  for  Propellant  Grinding 

(Building  1)  2-2 

2.2  Schematic  Flow  Diagram  for  Propellant  Grinding 

(Building  2)  2-3 

2.3  Schematic  Flow  Diagram  for  Propellant  Grinding 

(Building  3)  2-4 


AithirD  Little 


iii 


EXECUTIVE  SUMMARY 


This  report  presents  an  economic  evaluation  of  two  reclamation/reuse 
options  for  solvent-based  obsolete  and  unserviceable  propellants:  (1) 
resolvation/reuse  of  propellants;  and  (2)  reclamation/reuse  of  selected 
propellant  ingredients  via  solvent  extraction.  Both  of  these  options 
were  recently  investigated  to  determine  their  technical  feasibility 
under  a  previous  task  [Task  Order  No.  7  under  U.S.  Array  Toxic  and 
Hazardous  Materials  Agency  (USATHAMA)  Contract  No.  DAAK11-85-D-0008 ] 
and  detailed  in  a  report  (USATHAMA  Reference  No.  AMXTH-TE-CR- 88026 , 
August  1988)  entitled  "Propellant  Reuse/Recovery  Technology"  prepared 
by  Arthur  D.  Little,  Inc. 

According  to  the  Environmental  Conference  Proceedings  of  the  "Hazardous 
Waste  Minimization  Interactive  Workshop"  sponsored  by  the  U.S.  Army 
Material  Command  (AMC)  in  November  1987,  the  demilitarization  inventory 
contained  158,000  metric  tons  of  obsolete  conventional  propellants  in 
1987  with  a  projected  growth  to  249,000  metric  tons  by  1993.  All  of 
the  propellants  in  this  demilitarization  inventory  are  potential 
candidates  for  reclamation/reuse. 

The  incentive  for  considering  reuse  options  center  both  on  the  cost 
savings  for:  (a)  not  having  to  incinerate  the  obsolete  propellants: 
and  (b)  avoiding  the  purchasing  of  new  raw  materials  for  new 
propellants.  The  two  reclamation/reuse  options  we  considered  were: 

•  resolvation  of  the  obsolete  propell'^nts  to  produce  the  equivalent 
single-,  double-,  or  triple-based  new  propellants;  and 

•  solvent  extraction  of  the  obsolete  propellants  to  separate  and 
recover  individual  ingredients  in  the  propellants. 

Of  the  two  options,  the  resolvation  of  obsolete  propellants  provides 
the  greatest  savings  by  reclaiming  and,  therefore,  taking  credit  for 
the  entire  mix  of  ingredients  in  the  original  propellant  formulation. 

In  contrast,  solvent  extraction  reclaims  only  selected  ingredients. 
Consequently,  one  should  probably  consider  employing  solvent 
extraction  only  on  chemically  off-specification  propellants,  a  much 
smaller  category  of  propellants  than  those  in  the  demilitarization 
inventory.  As  a  result,  it  was  decided  to  concentrate  on  the  larger, 
demilitarization  inventory  and  focus  our  economic  evaluation  on 
reclaiming/reusing  five  representative  propellants  via  re.solvat  ion : 

•  Ml  propellant  ( s ingle -based) ; 

•  M6  propellant  (single -based) ; 

•  M7  propellant  (double-based  stick); 

•  M30  propellant  ( triple -based) ;  and 

•  M31A1  propellant  ( triple -based) . 
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Another  reason  for  not  developing  capital  and  operating  cost  estimates 
for  the  solvent  extraction  reclamation/reuse  processes  is  that  they  are 
in  an  earlier  stage  of  development  than  the  resolvation  process.  In 
addition,  the  solvent  used  in  the  bench-scale  solvent  extraction  tests, 
methylene  chloride,  has  been  classified  as  both  carcinogenic  and 
mutantigenic  to  human  health.  Consequently,  one  should  exercise  great 
caution  before  considering  the  use  of  this  solvent.  As  an  alternative, 
one  might  investigate  the  use  of  a  safer  solvent  such  as  supercritical 
carbon  dioxide. 

Capital  and  annual  operating  costs  were  developed  for  a  plant  to  grind 
the  obsolete  propellants  under  water,  then  dry  the  propellant,  and 
finally  pack  the  propellant  prior  to  resolvation.  This  plant,  with  a 
design  capacity  to  process  3  million  pounds  per  year  (1,500  tons  per 
year)  of  obsolete  propellant,  would  have  a  total  installed  equipment 
cost  of  $5.8  million.  The  annual  net  operating  savings  from  this  plant 
range  from  a  low  of  $3.0  million  from  processing  only  single-based  Ml 
propellant  to  a  high  of  $7.4  million  processing  only  triple-based  M3lAl 
propellant.  The  payback  periods  on  invested  capital  range  from  a  high 
of  1.9  years  for  Ml  propellant  to  a  low  of  0.8  year  for  M31A1. 

If  one  were  to  estimate  the  capital  investment  for  the  solvent 
extraction  processes,  one  would  have  to  start  (as  with  the  resolvation 
process)  with  a  $5.8  million  capital  cost  for  a  plant  to  grind  the 
unserviceable  propellants.  One  has,  in  addition,  the  capital 
investments  for  the  solvent  extraction  processes  since  it  can  not  use 
any  existing  facilities.  Consequently,  the  higher  investments  for  the 
solvent  extraction  process  would  appear  to  limit  its  applicability  to 
only  chemically  off -specif ication  propellants. 
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I.O  INTRODUCTION 


1 . 1  BACKGROUND 

The  Department  of  the  Army  (DA) ,  as  the  single  service  manager  of  the 
Department  of  Defense  (DOD)  ammunition,  is  responsible  for  the  disposal 
of  obsolete  and  unserviceable  propellants.  In  recent  years,  disposal 
of  propellant  munitions  has  become  increasingly  complicated  due  to 
heightened  environmental  awareness  and  resulting  legislation.  Until 
the  early  1970' s,  munitions  were  disposed  of  by  open  sea  dumping. 
However,  the  Marine  Protection,  Research  and  Sanctuaries  Act  of  1972 
was  passed  "...to  prevent  or  strictly  limit  the  dumping  into  ocean 
waters  of  any  material  that  would  adversely  affect  human  health, 
welfare  or  amenities,  or  the  marine  environment,  ecological  systems,  or 
economic  potentialities."  (1)  In  particular,  the  act  restricted  ocean 
disposal  of  DOD  materiel,  and  as  a  result,  open  field  burning  and 
detonation  became  the  dominant  methods  of  destroying  obsolete  or 
unserviceable  propellant  munitions.  However,  even  these  practices  are 
now  subject  to  increasing  restrictions  from  environmental  regulations. 

The  regulations  promulgated  under  the  Resource  Conservation  and 
Recovery  Act  (RCRA) ,  as  amended  in  1984,  prohibit  open  burning  of 
hazardous  waste,  "...except  for  the  open  burning  and  detonation  of 
waste  explosives.  Waste  explosives  include  waste  which  has  the 
potential  to  detonate  and  bulk  military  propellants  which  cannot  be 
disposed  of  through  other  modes  of  treatment.”  (2)  While  the  current 
Federal  regulations  exempt  military  materiel  from  such  controls  and 
allow  disposal  of  these  items  by  open  field  burning  and  detonation,  the 
future  may  bring  increased  environmental  restriction  in  the  form  of  new 
Federal  regulations. 

It  must  be  noted  that  state  and  local  governments  are  allowed  to  impose 
restriction  on  hazardous  waste  disposal  that  are  more  stringent  than 
the  Federal  regulations.  Such  future  restrictions  could  potentially 
affect  open  denotation  at  many  U.S.  Army  installations.  Some  states  or 
localities  may  refrain  from  issuing  environmental  permits  for  open 
burning  and  open  detonation;  this  has  already  been  the  case  at  two  Armv 
installations:  Hawthorne  Army  Ammunition  Plant  (Hawthorne,  Nevada)  and 

Lexington  Blue  Grass  Army  Depot  (Lexington,  Kentucky).  (3)  The  future 
method  of  destruction  of  propellants  will  be  controlled  incineration. 

The  intent  of  RCRA,  however,  is  to  promote  a  reduction  in  hazardous 
waste  through  increased  recovery  of  useful  resources,  while  ensuring 
that  any  necessary  hazardous  waste  disposal  operations  are 
environmentally  sound.  Thus,  the  recovery  of  obsolete  and 
unserviceable  propellants  is  consistent  with  the  intent  of  RCRA,  and 
may  be  an  attractive  alternative  to  thermal  treatment  of  these  items. 
The  Army  has  adopted  this  philosophy  and  has  given  top  priority  to 
recovery  and  reuse  of  obsolete  and  unserviceable  propellants.  (4,5) 
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1.2  OBJECTIVE 


The  objective  of  this  task  was  to  evaluate  the  economic  feasibility  of 
reclaiming  and  reusing  propellants  from  obsolete  and  unserviceable 
munitions.  This  involved  developing  both  capital  and  operating  costs 
for  the  reprocessing  (reclamation/reuse)  of  several  types  of 
propellants.  The  net  credit  for  reprocessing  the  propellant(s) 
included  the  credit  for  the  savings  on  new  raw  materials  and  the 
savings  from  avoiding  costs  of  incinerating  the  obsolete  propellant(s) 
minus  the  operating  costs  of  grinding  the  obsolete  propellant(s) . 

1.3  SCOPE  OF  WORK 

Under  Contract  No.  DAAK11-85-D-0008 ,  with  the  U.S.  Army  Toxic  and 
Hazardous  Materials  Agency  (USATHAMA) ,  Process  Development  Branch, 
Arthur  D.  Little,  Inc.  was  issued  Task  Order  No.  10  entitled 
"Computerization  and  Application  of  a  Standard  Cost  Evaluation  Method." 
We  based  our  work  on  the  bench-scale  studies  carried  out  at  Radford 
Army  Ammunition  Plant  (RAAP)  on  grinding,  drying  and  packing  obsolete 
propellants  and  either  resolvating  them  or  recovering  the  raw  materials 
by  solvent  extraction.  The  report  entitled  "Propellant  Reuse/Recovery 
Technology"  (6)  presents  the  results  of  these  tests.  We  also  used  the 
costs  of  equipment  for  processing  developed  by  Radford  Army  Ammunition 
Plant  personnel  (7).  With  this  information,  we  have  developed 
budgetary  (±  40%)  estimates  of  the  total  capital  investment  for  the 
grinding  of  the  propellants  and  the  operating  costs  of  the  processing 
of  the  propellants. 
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2.0  WASTE  PROPELLANT  RECYCLING  OPTIONS 


2 . 1  INTRODUCTION 

There  are  two  major  approaches  to  the  reclamation/reuse  of  obsolete  and 
unserviceable  propellant  munitions: 

•  resolvation  of  the  obsolete  propellants  to  produce  the  equivalent 
single-,  double-,  or  triple-based  new  propellants;  and 

•  solvent  extraction  of  the  obsolete  propellants  to  separate  and 
recover  individual  ingredients. 

The  following  two  sections  describe  each  process  and  indicates  the 
major  processing  steps.  Section  2.2  describes  the  resolvation 
processes  for  the  five  propellants  investigated  and  the  plant  to 
reprocess  these  propellants.  The  resolvation  of  any  of  the  five 
propellants  evaluated  involve  grinding  it  under  water,  drying  it,  and 
packing  it  into  drums.  One  may  produce  new  propellant  by  resolvating 
the  ground  propellant  in  an  existing  propellant  production  line. 

Section  2.3  describes  both  the  solvent  extraction  processes  for  the 
same  five  propellants  and  the  limitations  of  these  processes. 

2.2  RESOLVATION  PROCESSES 

The  resolvation  process  will  use  existing  production  lines  for  the 
extrusion  of  the  new  propellants.  The  only  additional  step  necessary 
for  this  reclamation  operation  is  the  grinding  of  the  obsolete 
propellant.  For  obvious  safety  considerations,  the  propellant  must  be 
ground  under  water,  then  dried  and  finally  repacked  into  drums  for 
storage.  From  storage,  the  drums  of  ground  propellant  would  be  sent  to 
the  production  lines. 

The  grinding  operation  is  the  same  for  all  the  different  types  of 
propellants  and  can  be  carried  out  in  the  same  grinding  equipment.  The 
production  rate  is  also  the  same  for  all  types  of  propellants,  namely 
500  pounds  per  hour.  In  actual  operation,  however,  one  would  have  to 
carefully  clean  the  grinding,  drying  and  packing  equipment  and  replace 
the  grinding  water  before  processing  a  new  type  of  propellant.  It 
might  be  desirable,  therefore,  to  have  dedicated  grinding  lines  for  anv 
of  the  largest  quant i  ,y  propellants. 

Figures  2.1,  2.2  and  2.3  present  schematic  flow  diagrams  of  the 
equipment  necessary  for  the  grinding  operations.  To  limit  the  quantit'.- 
of  propellant  in  a  single  building,  we  have  placed  the  operations  into 
three  separate  buildings.  In  the  first  building,  shown  schematically 
in  Figure  2.1,  remote  unpacking  of  drums  of  obsolete  propellant, 
checking  for  any  stray  metal,  and  then  grinding  of  the  propellant  as  a 
water  slurry  in  a  knife  grinder  is  carried  out.  In  Figure  2.2  for  the 
second  building,  screening  of  the  ground  propellant  slurry  on  a  Sweco 
screen,  drying  of  it  in  a  Wolverine  drier,  and  placing  of  the  dried 
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FIGURE  2.1 


SCHEMATIC  FLOW  DIAGRAM 
FOR  PROPELLANT  GRINDING 
/BUILDING  1) 


Source;  Hercules  Aerospace  Co.  (RAAP) 
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FIGURE  2.2 


SCHEMATIC  FLOW  DIAGRAM 
FOR  PROPELLANT  GRINDING 
(BUILDING  2) 


Propellant 
[Slurry  from 
Building  2 


Sweco® 

Separator 


Propellant 


Source:  Hercules  Aerospace  Co.  (RAAP) 


Recycle  Water 
to  Grinder 
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FIGURE  2.3 


SCHEMATIC  FLOW  DIAGRAM 
FOR  PROPELLANT  GRINDING 


Source;  Hercules  Aerospace  Co.  (RAAP) 
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propellant  into  an  air  conveyor  to  be  sent  to  the  third  building  takes 
place.  In  Figure  2.3  for  the  third  building,  the  recovering  of  the 
propellant  in  a  cyclone  separator,  checking  for  metal  again,  and 
weighing  and  loading  of  drums  of  ground  propellant  is  carried  out.  We 
have  based  the  estimates  of  capital  costs  shown  in  Section  3.2  on  the 
installed  costs  of  the  equipment  shown  in  Figures  2.1,  2.2  and  2.3. 

2.3  SOLVENT  EXTRACTION  PROCESSES 

Any  of  the  solvent  extraction  processes  will  require  grinding  of  the 
unserviceable  propellant  in  equipment  identical  to  that  used  to  grind 
the  propellant  for  resolvation.  Thus  the  equipment  shown  in  the 
previously  cited  Figures  2.1,  2.2  and  2.3  will  also  be  required  for  the 
solvent  extraction  processes.  In  addition,  to  this  grinding  equipment, 
solvent  extraction  equipment  is  also  required.  The  type  and  complexity 
of  the  solvent  extraction  equipment  will  vary  depending  on  whether  one 
extracts  single-,  double-,  or  triple-based  propellants.  The  more 
complex  propellants  such  as  the  double-  or  triple-based  types  will 
require  more  processing  steps  to  separate  the  individual  ingredients 
before  their  reuse  than  the  single-based  type.  A  separate  extraction 
plant  will  have  to  be  built  and  dedicated  to  each  type  of  propellant. 

Since  the  bench-scale  tests  employed  a  solvent,  methylene  chloride, 
that  should  not  be  used  for  worker  safety  reasons,  further  bench-scale 
tests  need  to  be  performed.  These  tests  need  to  be  performed  before 
one  develops  any  designs  or  prepares  any  associated  cost  estimates. 

The  only  general  comments  one  can  make  is  that  any  solvent  extraction 
process  by  its  nature  will  be  more  complex  and  costly  than  resolvation. 
The  more  costly  nature  of  any  solvent  extraction  processes  will  limit 
their  applicability  to  propellants  that  can  not  be  processed  by 
resolvation,  i.e.,  chemically  off-specification  propellants. 
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3.0  ECONOMIC  ANALYSIS 


3 . 1  INTRODUCTION 

This  economic  evaluation  of  reclaraation/reuse  options  for  obsolete  and 
unserviceable  propellants  addresses  two  fundamental  issues: 

•  USATHAMA  currently  has  no  comprehensive  capital  and  operating  cost 
data  base  for  the  reuse/recovery  of  obsolete  and  unserviceable 
propellants;  and 

•  The  economic  attractiveness  of  the  concept  of  reusing  propellants 
must  be  established  to  support  management  decisions  regarding  futur 
expenditures  for  research  and  development  of  these  technologies. 

To  assist  in  addressing  these  issues,  this  report  provides  budgetary 
capital  and  operating  costs  for  the  resolvation  of  five  propellants 
discussed  in  Section  3.2.  In  Section  3.3,  the  report  discusses  the 
economics  of  solvent  extraction  processes,  to  the  extent  practicable, 
and  the  need  for  further  research  studies  to  help  define  these 
processes  before  additional  costing  can  be  performed. 

3.2  RESOLVATION  PROCESS  COST  ESTIMATES 

As  was  discussed  in  Section  2.2,  the  only  new  equipment  for  the 
resolvation  of  propellants  would  be  for  the  actual  grinding  of  the 
obsolete  propellant.  After  the  grinding,  one  could  use  the  ground 
obsolete  propellant  as  feed  to  an  existing  production  line.  The 
equipment  for  grinding  is  the  same  for  all  five  propellants,  and  thus 
one  estimate  for  capital  investment  is  valid  for  each  type  of 
propellant.  We  have  divided  the  grinding  operations  into  three 
separate  buildings  to  minimize  the  total  amount  of  propellant  (for 
safety  considerations)  in  any  one  building. 

The  equipment,  which  would  be  housed  in  the  first  building,  includes  a 
trolley  conveyor,  a  barrel  dumper,  a  vibratory  conveyor,  a  metal 
detector,  a  slurry  knife  grinder  and  a  ground  propellant  slurry  tank. 
The  equipment  is  sized  to  handle  1,000  pounds  per  hour  of  propellant 
for  flexibility  while  the  typical  throughput  will  average  500  pounds 
per  hour.  The  equipment  costs  are  budgetary  in  nature  and  have  an 
uncertainty  of  plus  or  minus  40%.  As  is  shown  in  Table  3.1,  the 
purchased  equipment  in  the  first  building  totals  $405  thousand.  Addin 
in  as  a  percentage  of  the  equipment  cost;  installation  labor  at  25%. 
piping  at  30%,  electrical  at  20%.  and  spare  parts  at  2%,  the  total 
direct  cost  amounts  to  $775  thousand.  Adding  in  the  engineering  and 
supervision,  overhead  and  fee,  and  the  contingency  as  indicated  in 
Table  3.1,  the  total  capital  investment  amounts  to  $1.0  million. 

The  equipment  for  the  second  building  includes  a  Sweco®  separator,  a 
vibratory  conveyor,  a  Wolverine®  drier  and  an  air  conveyor  that  total 
$1.35  million.  The  costly  items  of  equipment  are  the  Wolverine®  drier 
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Table  3.1 


Capital  Cost  Estimate  for 

Preparation  Facility  Before  Propellant  Resolvation 
(Building  1  -  Remote  Unpacking  and  Grinding) 

Total 

Cost 


Trolley  Conveyor  System  1  35 
Dump  Hopper,  Stainless  Steel  1  5 
Vibratory  Feeder  1  25 
Vibratory  Conveyor  1  25 
Metal  Detector  1  5 
Grinder  Feed  Hopper  1  5 
Grinder  1  265 
Slurry  Tank  1  25 
Slurry  Pump  and  Piping  1  15 


•  SUBTOTAL  EQUIPMENT  COST  $  405 

Installation  Labor  100 
Piping  120 
Electrical  60 
Instrumentation  80 
Spare  Parts  10 


o  TOTAL  DIRECT  COST  $  775 

Engineering  and  Supervision  (3  8%  60 

Contractor's  Overhead  and  Fee  (3  15%  115 


•  TOTAL  DIRECT  AND  INDIRECT  COST  $  950 

Contingency  @  10%  95 


Source;  Hercules  Aerospace  Company  (RAAP)  and 
Arthur  D.  Little,  Inc. 
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and  the  custom  fabricated  air  conveyor  at  over  $600  thousand  each. 
Adding  in  all  the  factored  costs  as  we  did  in  the  previous  cited  Table 
3.1,  we  see  in  Table  3.2  a  total  capital  investment  of  $3.5  million  for 
the  second  building. 

The  equipment  for  the  third  building  includes  a  cyclone  separator,  a 
metal  detector,  a  weigh  loader  and  a  lid  sealer,  a  roller  conveyor,  a 
palletizer  and  another  roller  conveyor  at  a  total  cost  of  $475 
thousand.  Adding  the  factored  installation  costs,  one  sees  in  Table 
3.3  a  total  capital  investment  of  $1.2  million  for  the  third  building. 
To  find  the  total  capital  investment  for  all  three  buildings.  Table  3.4 
presents  a  total  capital  investment  of  $5.8  million. 

One  of  the  reasons  for  the  large  uncertainty  in  the  capital  investments 
is  that  one  needs  a  total  systems  hazards  analysis  to  ensure  that  the 
proposed  facilities  provide  adequate  safety  to  personnel  and  property. 
One  must  assess  the  potential  hazards  and  ensure  that  all  equipment  and 
subsequent  operations  meet  acceptable  safety  criteria  provided  in 
DARCOMR-385- 3  and  Supplement  1,  "Hazards  Analysis  for  Facilities, 
Equipment  and  Process  Development."  Since  many  of  the  operations 
proposed  in  the  facilities  already  exist  at  Radford  AAP,  one  may  use 
previous  system  safety  study  findings  where  applicable.  Where  systems 
design  and  operation  or  modifications  preclude  use  of  existing  hazards 
assessments,  then  one  must  identify  potential  hazards  and  assess  them 
quantitatively  to  eliminate  or  control  potential  hazards  to  an 
acceptable  level. 

If  one  looks  at  the  operating  costs  for  grinding  the  propellants  and  at 
the  savings  resulting  from  recycling  the  obsolete  propellants,  one  can 
estimate  the  net  operating  credit.  For  the  single-based  propellant  Ml, 
there  is  a  net  operating  cost  (Table  3.5)  for  grinding  of  $1.52  million 
per  year.  One  requires  an  additional  expenditure  of  $0.6  million  for 
replacement  solvents  and  ingredients  for  the  new  propellant. 

Offsetting  these  costs  are  a  credit  of  $3.75  million  for  avoided  new 
raw  materials  and  a  credit  of  $1.38  million  for  avoided  incineration  of 
the  obsolete  propellant  resulting  in  a  net  operating  credit  of  $3.0 
million  per  year. 

In  Table  3.6,  for  the  single-based  propellant  M6 .  a  slightly  higher  ne" 
credit  for  recovery  of  $3.9  million  per  year  is  realized.  This 
slightly  higher  net  credit  is  caused  solely  bv  the  larger  credit  for 
the  avoided  raw  materials  for  the  M6  propellant  compared  to  the  .Ml 
propellant . 

For  the  double-based  propellant.  M7 ,  one  has  an  even  higher  net  credit 
for  recovery  of  $7.0  million  per  year.  The  larger  credit,  shown  in 
Table  3.7,  is  due  to  a  number  of  factors.  The  replacement  ingredients 
cost  less;  there  is  a  credit  for  avoided  labor  for  nitroglycerin 
blending;  and  a  larger  credit  for  avoiding  more  costly  raw  materials. 

A  trend  can  be  realized  that  the  more  complex  the  propellant,  the 
greater  the  net  credit  for  its  resolvation  into  a  new  propellant. 
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Table  3.2 


Capital  Cost  Estimate  for 
Preparation  Facility  Before  Propellant  Resolvation 

(Building  2  -  Dewatering  and  Drying) 


Total 

Cost 

Equipment  Item  Quantity  ($  '000) 

Swecc®  Separator  1  15 

Feed  Hopper  1  5 

Vibratory  Conveyor  1  20 

Wolverine®  Drier  with  Steam  Heater  1  660 

Dump  Hopper  1  5 

Air  Conveyor  1  645 

•  SUBTOTAL  EQUIPMENT  COST  $  1,350 

Installation  Labor  340 

Piping  405 

Electrical  200 

Instrumentation  270 

Spare  Parts  30 

o  TOTAL  DIRECT  COST  $  2,595 

Engineering  and  Supervision  @  8%  210 

Contractor's  Overhead  and  Fee  @  15%  390 

•  TOTAL  DIRECT  AND  INDIRECT  COST  $  3,195 

Contingency  0  10%  320 


o  TOTAL  CAPITAL  INVESTMENT 


$  3,515 


Source:  Hercules  Aerospace  Company  (RAAP)  and 

Arthur  D.  Little,  Inc. 


AithirD  Little 


3-4 


Table  3.3 


Capital  Cost  Estimate  for 
Preparation  Facility  Before  Propellant  Resolvation 
(Building  3  -  Automatic  Packout) 


Equipment  Item 

Quantity 

Total 
Cost 
($  '000) 

Cyclone  Separator  with  Bag  Filter 

1 

10 

Feed  Hopper 

1 

5 

Metal  Detector 

1 

10 

Weigh  loader  and  Lid  Sealer 

1 

260 

Powered  Roller  Conveyor 

1 

15 

Palletizer  with  Telescoping  Roller 
Conveyor  and  Pallet  Stacker 

1 

75 

Powered  Roller  Conveyor  System 

1 

100 

•  SUBTOTAL  EQUIPMENT  COST 

$  475 

Installation  Labor  Costs 

120 

Piping 

145 

Electrical 

70 

Instrumentation 

95 

Spare  Parts 

10 

•  TOTAL  DIRECT  COST 

$ 

915 

Engineering  and  Supervision  @  8% 

75 

Contractor's  Overhead  and  Fee  @  15% 

140 

•  TOTAL  DIRECT  AND  INDIRECT  COST 


$  1.130 


Contingency  @  10% 


110 


o  TOTAL  CAPITAL  INVESTMENT 


$  1,240 


Source:  Hercules  Aerospace  Company  (RAAP)  and 

Arthur  D.  Little,  Inc. 
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Table  3.4 


Capital  Cost  Estimate  for 
Preparation  Facility  Before  Propellant  Resolvation 
(All  Three  Buildings) 


Cost  Element 


Total 
Cost 
($  '000) 


Building  1 
Building  2 
Building  3 


Total  Capital  Equipment 
Total  Capital  Equipment 
Total  Capital  Equipment 


1,045 

3,515 

1,240 


•  TOTAL  CAPITAL  INVESTMENT  $  5,800 


Source:  Hercules  Aerospace  Company  (RAAP)  and 

Arthur  D.  Little,  Inc. 
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Table  3.5 


Operating  Cost  Estimate  for 

Ml  Propellant  Preparation  Facility  Before  Propellant  Resolvation 

(All  Three  Buildings) 


Basis : 

24  Hour  Long  Stream  Day 

250  Stream  Days  Per  Year 

12,000  Pounds  Processed  Per  Streaui  Day 


Operating  Item 

Unit  Units 

Required 

Cost  per 
Unit 

Total 

Cost 

($’000) 

Labor 

Manhours  33,900 

$10.80 

365 

Fringe  and  Holidays 

55%  of  Labor 

200 

Utilities 

150 

Maintenance 

4%  of  Total 

(Labor  and  Materials) 

Capital  Investment 

230 

General  and  Adminstrative 

72%  of  Labor  and 

Overhead 

Maintenance 

575 

•  NET  TOTAL  OPERATING 

COST 

$1,520 

Replacement  Propellent 

Ingredients 

600 

Credit  for  Avoiding  New 

Raw  Materials 

Million 

Lbs 

3.00 

($1,250,000) 

(  3.750) 

Credit  for  Avoiding 

Incineration 

Million 

Lbs 

3.00 

($460,000) 

(  1,380) 

•  NET  CREDIT  FOR  RECOVERY  OF  PROPELLENT 


($3,010) 


Source:  Hercules  Aerospace  Company  (RAAP)  and 

Arthur  D.  Little,  Inc. 
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Table  3.6 


Operating  Cost  Estimate  for 

M6  Propellant  Preparation  Facility  Before  Propellant  Resolvation 

(All  Three  Buildings) 


Basis ; 

24  Hour  Long  Stream  Day 

250  Stream  Days  Per  Year 

12,000  Pounds  Processed  Per  Stream  Day 


Operating  Item 

Unit  Units 

Required 

Cost  per 
Unit 

Total 

Cost 

($'000) 

Labor 

Fringe  and  Holidays 

Manhours  33,900 

55%  of  Labor 

$10.80 

365 

200 

Utilities 

150 

Maintenance 

(Labor  and  Materials) 

4%  of  Total 

Capital  Investment 

230 

General  and  Adminstrative 
Overhead 

72%  of  Labor  and 
Maintenance 

575 

•  NET  TOTAL  OPERATING 

COST 

$1,520 

Replacement  Propellent 

Ingredients 

600 

Credit  for  Avoiding  New 

Raw  Materials 

Million  Lbs 

3.00 

($1,550,000) 

(  4,650) 

Credit  for  Avoiding 

Incineration 

Million  Lbs 

3.00 

($460,000) 

(  1.380) 

•  NET  CREDIT  FOR  RECOVERY  OF  PROPELLENT  ($3,910) 


Source:  Hercules  Aerospace  Company  (RAAP)  and 

Arthur  D.  Little,  Inc. 
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Table  3.7 


Operating  Cost  Estimate  for 

M7  Propellant  Preparation  Facility  Before  Propellant  Resolvation 

(All  Three  Buildings) 


Basis : 

24  Hour  Long  Stream  Day 

250  Stream  Days  Per  Year 

12,000  Pounds  Processed  Per  Stream  Day 


Operating  Item 

Unit  Units 

Required 

Cost  per 
Unit 

Total 

Cost 

($’000) 

Labor 

Fringe  and  Holidays 

Manhours  33,900 

55%  of  Labor 

$10.80 

365 

200 

Utilities 

150 

Maintenance 

(Labor  and  Materials) 

4%  of  Total 

Capital  Investment 

230 

General  and  Adminstrative 
Overhead 

72%  of  Labor  and 
Maintenance 

575 

•  NET  TOTAL  OPERATING  COST 

$1,520 

Replacement  Propellent 

Ingredients 

120 

Credit  for  Avoiding 

Labor 

in  Nitroglycerine 

Blending 

(  5  70) 

Credit  for  Avoiding 

New 

Raw  Materials 

Million 

Lbs 

3.00 

($2,220,000) 

(  6,660) 

Credit  for  Avoiding 

Incineration 

Million 

Lbs 

3.00 

($460,000) 

(  1,380) 

•  NET  CREDIT  FOR  RECOVERY  OF  PROPELLENT  ($6,970) 

Source;  Hercules  Aerospace  Company  (RAAP)  and 
Arthur  D.  Little,  Inc. 
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In  Table  3.8,  a  net  credit  of  $6.4  million  per  year  is  realized  for 
resolvation  of  the  triple-based  propellant  M30 .  In  Table  3.9,  it  is 
evident  that  the  largest  net  savings  is  for  the  triple -based  propellant 
M31A1,  a  savings  of  $7.4  million  per  year.  The  triple-based 
propellants  require  less  grinding  than  the  other  propellants  and  have 
lower  operating  costs  for  grinding.  They  also  have  the  largest  credits 
for  avoiding  very  expensive  raw  materials.  Resolvating  the  more 
complex  propellants  offers  the  greatest  cost  savings,  but  all 
propellants  provide  an  attractive  net  operating  credit. 

The  payback  periods  for  the  capital  investment  range  from  the 
longest  of  1.9  years  for  the  single-based  Ml  propellant  to  the  shortest 
of  0.8  years  for  the  triple-based  M31A1  propellant.  All  of  the  payback 
periods  are  highly  attractive  with  the  shorter  paybacks  for  the  more 
complex  double-  and  triple-based  propellants. 

3.3  DISCUSSION  ABOUT  SOLVENT  EXTRACTION  COSTS 

With  any  solvent  extraction  process,  the  unserviceable  propellant  will 
have  to  be  ground  in  the  same  equipment  as  for  the  resolvation  process 
discussed  in  Section  3.2.  Thus,  all  of  the  capital  costs  associated 
with  the  grinding  equipment  would  apply  to  any  solvent  extraction 
process.  Also,  the  operating  costs  for  grinding  would  apply  as  shown 
in  the  net  total  operating  cost  line  in  the  previously  cited  Tables  3.5 
to  3.9.  However,  there  would  be  additional  costs  for  the  solvent 
extraction  processes  to  recover  the  individual  ingredients  in  the 
propellants.  All  these  additional  capital  and  operating  costs  for  the 
solvent  extraction  processes  would  decrease  the  overall  attractiveness 
of  solvent  extraction  as  compared  to  resolvation. 

Since  we  do  not  have  well-defined  processes  or  solvents  identified,  it 
is  not  possible  to  develop  total  capital  or  operating  costs  for  the 
solvent  extraction  options  at  this  time.  It  is  obvious,  however,  that 
for  the  more  complex  propellants,  one  would  require  a  more  complicated 
process  for  separation  of  the  ingredients  which  would  result  in  more 
expensive  equipment.  In  all  cases,  solvent  extraction  options  would  be 
less  attractive  than  the  corresponding  resolvation  option.  Thus, 
chemically  off-specification  propellants  would  be  the  primary  candidate 
for  solvent  extraction  since  these  propellants  can  not  be  recovered  by 
the  less  expensive  resolvation  option. 
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Table  3.8 


Operating  Cost  Estimate  for 

M30  Propellant  Preparation  Facility  Before  Propellant  Resolvation 

(All  Three  Buildings) 


Basis : 

24  Hour  Long  Stream  Day 

250  Stream  Days  Per  Year 

12,000  Pounds  Processed  Per  Stream  Day 


Operating  Item 

Unit  Units 

Required 

Cost  per 
Unit 

Total 

Cost 

($'000) 

Labor 

Fringe  and  Holidays 

Manhours  25,200 

55%  of  Labor 

$10.80 

270 

150 

Utilities 

150 

Maintenance 

(Labor  and  Materials) 

4%  of  Total 

Capital  Investment 

230 

General  and  Adminstrative 
Overhead 

72%  of  Labor  and 
Maintenance 

470 

o  NET  TOTAL  OPERATING 

COST 

$1, 

,270 

Replacement  Propellent 

Ingredients 

390 

Credit  for  Avoiding  New 

Raw  Materials 

Million 

Lbs 

3.00 

($2,210,000) 

C  6  , 

,  6  30  ' 

Credit  for  Avoiding 

Inc ineration 

Million 

Lbs 

3.00 

($460,000) 

(  I 

,  380^ 

e  NET  CREDIT  FOR  RECOVERY  OF  PROPELLENT  ($6,350) 


Source;  Hercules  Aerospace  Company  (RAAP)  and 
Arthur  D.  Little,  Inc. 
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Table  3.9 


I 

:  Operating  Cost  Estimate  for 

I  M31A1  Propellant  Preparation  Facility  Before  Propellant  Resolvation 

(All  Three  Buildings) 


Basis : 

24  Hour  Long  Stream  Day 

250  Stream  Days  Per  Year 

12,000  Pounds  Processed  Per  Stream  Day 


Operating  Item 

Unit  Units 

Required 

Cost  per 
Unit 

Total 

Cost 

($'000) 

Labor 

Fringe  and  Holidays 

Manhours  ■'..,1.01' 

55%  of  Labor 

$10.80 

195 

110 

Utilities 

150 

Maintenance 

(Labor  and  Materials) 

4%  of  Total 

Capital  Investment 

230 

General  and  Admins trative 
Overhead 

72%  of  Labor  and 
Maintenance 

385 

•  NET  TOTAL  OPERATING 

COST 

$1,070 

Replacement  Propellent 

Ingredients 

300 

Credit  for  Avoiding  New 

Raw  Materials 

Million  Lbs 

3.00 

($2,450 , 000) 

(  7,3  50-1 

Credit  for  Avoiding 

Incineration 

Million  Lbs 

3.00 

($460,000') 

(,  1,380) 

e  NET  CREDIT  FOR  RECOVERY  OF  PROPELLENT  ($7,360) 

I 

Source:  Hercules  Aerospace  Company  (RAAP)  and 

I  Arthur  D.  Little,  Inc. 
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4.0  CONCLUSIONS  AND  RECOMMENDATIONS 


The  major  conclusion  of  this  report  on  reclamation/reuse  of  obsolete 
propellants  is  that  resolvation  is  a  very  economically  attractive 
option  for  reuse  of  obsolete  propellants.  The  capital  investment  for 
the  grinding  of  the  obsolete  propellant  is  $5.8  million,  and  one  can 
use  existing  production  lines  for  the  resolvation  without  any  further 
capital  investment.  The  capital  investment  produces  a  net  operating 
credit  ranging  form  $3.0  million  to  $7.5  million  per  year  and 
attractive  payback  periods  ranging  from  the  longest  of  1.9  years  to 
shortest  of  0.8  year. 

We  recommend  that  the  U.S.  Army  proceed  with  a  detailed  design  and 
costing  study  of  the  grinding  process  in  preparation  for  the  potential 
construction  and  operation  of  a  facility  at  Radford  AAP.  We  suggest 
Radford  as  the  site  of  this  facility,  because  it  has  the  only  operating 
production  lines  that  could  conveniently  resolvate  the  ground  obsolete 
propellant . 

The  major  conclusion  on  the  solvent  extraction  processes  is  that  they 
require  further  bench-scale  testing  with  a  less  hazardous  solvent  such 
as  supercritical  carbon  dioxide.  Without  these  tests,  one  can  not 
develop  meaningful  budgetary  capital  investment  cost  estimates. 

However,  it  is  clear  that  more  capital  equipment  will  be  required  for 
solvent  extraction  than  that  for  resolvation;  consequently,  the  capital 
costs  for  solvent  extraction  will  be  higher  than  for  resolvation.  This 
will  most  likely  limit  the  use  of  any  solvent  extraction  process  to 
recovery  of  only  chemically  off -specification  propellants. 

Consequently,  we  recommend  that  the  U.S.  Army  consider  funding  further 
bench-scale  testing  of  solvent  extraction  processes  for  chemically 
of f- specif ication  propellants,  but  only  after  carefully  evaluating  the 
need  for  such,  depending  on  both  the  actual  and  anticipated  generation 
of  such  off -specif ication  propellants. 
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APPENDIX  A 


A  description  of  and  the  associated  costs  for  the  equipment 
necessary  for  the  grinding  operation  of  a  conceptual  propellant 
resolvation  facility  are  presented  in  this  Appendix.  This 
information  was  provided  by  Hercules  Aerospace  Co.  (RAAP) . 
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Table  I.  Polential  equipment  for  conceptual  propellant 
resolvation  preparation  facility 
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Dump  hopper  5,700^  Custom-fabricated  of  standard  design  having  Wolverine  Corporation 

30  in.  opening  of  aluminum  welded  according  to  Herrimac,  HA 

Hercules  Incorporated  specifications. 


oo 


u 

c  o 

—  o 


O  _  t. 

o  < 

U 

0»  4) 

c  •  ^ 

—  10  Ul  *0 

a>  ^0  —  4) 

4)  wn  (Q 
C  3  H. 

'  c.  a>  ^ 

o)  a.  c 

C  4>  fO 

WU  O  u. 

O 

—  09  •  • 

S.E  2 

GQ  ^  2 


iA 

O  C 

—  o>  o 

c  — 

4)  — 

—  <0 
3  4)  U 
“O  4i  — 
<b  g  ^ 
^  — 
u  *  o 
4/t  c  4) 

.  e  (A 


o 

CX  tK} 
TJ  —  W- 
^  Q. 

<0  >• 

U  O  O 
—  W 
L.  —  c 

4}  •«• 


3—4) 
O  43  3: 


o 

sO 

Q> 

s. 


o 

<«» 


3 

C 

1 

K\ 

at 

c 


3 

CD 


C 

1 

o 

u. 

a. 

r** 

CD 

CD 

1 

a> 

to 


\/t 

iA 

8 

a. 

o 

I 

0) 


<o 


u  ^ 


Ol 


u 

c  o 

—  o 


O  k. 

O  <  t-  H- 

d,  u  cj 

Ol  0) 

•— ■  <0  Ui  "O 

a>  I/I  —  0) 
O  «/>  (Q 
c  3  k.  ^ 
•-  l-  0)  k- 

Ol  o.  c  >- 

C  Q>  (O 

Uj  ^  o 

o 


%.S  I 

GQ  ^  2 


U  0) 

c  — 


^  (Q 
<0  — 
u.  a. 

,c 

o  ^ 

—  3 
-T  O 
<  00 


u 

c 

—  >- 


(U  <o 
^  -O 
c: 

Ol  ID 
C  3 
—  ID 
U.  C 

o  o 

O  1“ 


*0  •  <0 

0)  —  o 

^  O  k- 

(O  o  ^ 
u  •♦-■♦- 


o 

c 

o 


<0 

rD  — 

CL  *0 
.  oo  O 
c  -o 


<u 


IQ 


I./1  c 

«/l  .— 
0) 

GO 
c 


u 

o 

<01 
^  4) 

3  — 


g  c  ^  ^ 

o  —  ^  IQ  a 


V  ^ 

4)  *_ 


O.  O. 
ID 

13  Ol 
IQ  c 


L.  O  IQ 
O 

>  X> 

*— 

O  o  'I- 

u  '*«■ 
O  4-  I 


2i-C  ^ 


O  ^ 
>• 
I/I  £i 
I/I 

O  ^ 
k/  Ol 

o  — 

k.  xz 
Q. 


O  Ol 
3 

o 

X)  • 

o 

IQ  Ol 

Ol  <D 
C  ^ 
—  o 
C  I/I 

<D  *0 
C  k. 

o  o 


3 
X>  L. 

1- 
£  U 

s/%  ._ 
^/i 

"I-  ^ 
IQ 

=  ^ 
5 


O  4)  . 
1^  Ol 


O  u  O 
C  i/t  ^ 

1  ■^.  - 
IQ  <Q  4) 
—  > 
X3 

O 

•  u 
'O  C  3 
4;  —  *0 
♦-  »  c 
IQ  00  O 
U  U 


£i  — 
IQ  3 


a. 


v/l 

3 

D 

K 

4» 


i/t  4^ 

O  O  kn 


I 

IQ 

a 

c. 

o 

u 

c 


41  • 

2  VI 
C 

o  o 


Ol  IQ 
C  Cl 


a» 

c 


iA  "O 
4> 
VI 
VI 


a 

VI 


s 


u 

4> 


4> 

•o 


£  i 

.<»  i_ 

Ol 

C  4> 

—  ^ 

C  ’f 

(Q  d 
^  U 

c  »—  • 

0^01 
U  3  C 

■o  ^  ’Z 
IQ  Ol  O 
a>  3  ^ 

^  o 


T3 

c 

^  IQ 

d  » 

CL  >» 

O  ID 
VI  — 

4> 

k.  ^ 

a> 

Is 

Ol  c 

c  o 
—  u 
c 

<D  IA 
^  u.  • 

c  ^ 

O  E  4; 


(O 

O  k- 

—  ^4= 


O  Cl 

s  a 

IQ  V» 


4/ 

ac 


4> 

T3 

O 


IQ  *0  k- 
01  C  O 
OO  IQ 


o 

k. 
IQ  4> 
i-  t- 

&- 

4) 

VI 

-  O* 

2  2 
O 


a 

d. 

o 


*0 

4> 

4> 


U 

41 


41 

•o 


IQ 

i 


iA 

41 


■D 

C 


— 

IQ 

o 

CO 


4> 

o 


4> 

ID 

I—  —  Q. 


y  I 


TJ 

4> 


u  a> 


o*  -o 
4)  4> 


IQ  TD 
1-  4) 
O  4> 


•  41 

■*-  c*  >  — 

§3  00  43 

^  —  O 

V»  2  •- 

£  C  —  L. 

3  0»  ID  “  “O 

ID  —  3  41 

4>  O*  41  'O  •C 

^  -p  o  E  »— 

ID  O  3  3 

I-  ^ 


I  Ol 
^  C 
o  •-» 
^  c 

2  S 

<  ^ 
O 
w 


VI  o 
0)  ^ 
■D  I- 

O 

43  • 


VI  u 
-I-  *0 


* 

4> 

—  41 

o 

c 

VI 

CA 

•D 

IQ  — 

c 

3 

k. 

C 

IQ 

Cl  — 

o 

41 

•M 

O 

VI  O 

k. 

Cl 

O 

«k- 

o 

41  ^ 

CA 

>•  W 

c 

o 

§■ 

c 

O 

IQ  — 
43  x; 

o 

o 

D 

c 

2 

1-  3 

I  a 

O  CL 

^  o 

Ol 

C  £ 
o» 

—  a> 

—  3 


3  IQ  . 
u  Cl  — 

"O  lA  O 


a 


*  -  s 


c 

o 

•«< 

4>i 

O 

r*» 

O 

Cl 

O 

CO 

i/> 

iTk 

r-* 

k. 

3i 

Csi 

c. 

3 

O 

D 

>1 

— 

iTv 

fC 

vD 

CN 

4) 

k.  — 
4>  IQ 
*0  4) 

ID  VI 
O 


jC  •— 

Ol 

•  -  TO 
4>  C 
2  ID 


A- 7 


lid  sealer:  custom  fabricated  to  automat i-  Honeywell 

cally  assemble  lid  and  lock  ring  on  a  Hopkins,  MN 

50-gal.  drum  at  a  rate  of  32  per  hour. 
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Slaging  or  air  chain  conveyor 
Powered  chain  Irailer  conveyor 
Transfer  car  for  infra-plant  use 
Ancillary  equipment,  e.g.,  motors,  etc 


